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Abstract 
,n the last few years, most of the proposed routing protocols problems in mobile ad-hoc networks (MANET) is how to 
improve the energy and how to maximize the network lifetime, the network node energy-limited routing protocol research 
is a central issue, IETF’s MANET working group has proposed several classical routing protocols, which are the shortest 
route, but without considering the energy factor associated with minimum hop-routing. This paper proposes simple but 
efficient algorithm to balance energy consumption among all participating nodes will extending the network lifetime of 
the batteries that power these mobile ad hoc network based on one of the most important routing protocols Ad hoc On-
Demand Distance Vector . Our approach is a dynamic distributed load balancing approach that avoids power congested 
nodes and chooses paths that are easily loaded. 
 
© 2012 Published by Elsevier B.V. 
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1. Introduction 
An ad-hoc wireless network is a collection of nodes that come together to dynamically create a network, 
with no fixed infrastructure or centralized administration[1],[5], for a source to send data packets to a 
destination that is not in its direct range of transmission, the packets must be relayed through one or more 
intermediate nodes. 
This research intends to show a new energy model, which will ensure that all the nodes are balanced in 
their energy consumption and to prolong the network’s lifetime. A new mechanism of Local energy-aware 
named LEA_AODV for Ad-hoc is proposed in this paper, which is based on the classical Ad hoc On-Demand 
Distance Vector (AODV). In such network, each mobile node operates not only as a host but also as a router 
[2]. It is also possible to have an access to some hosts in a fixed infrastructure depending on the kind of 
mobile ad hoc network available. Some scenarios where an ad hoc network could be used are business 
associates sharing information during a meeting, military personnel relaying tactical and other types of 
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information in a battlefield, and emergency disaster relief personnel coordinating efforts after a natural 
disaster such as a hurricane, earthquake or flooding [3], [6].  
Additionally, this research proposes simple but efficient balance energy consumption among all 
participating nodes. We propose LEA-AODV that reduces energy consumption, and leads to prolong battery 
life at the terminals. LEA-AODV is based on one of the most important routing protocols Ad hoc On-Demand 
Distance Vector (AODV). The balance energy can be applied in most on-demand routing protocols. It is 
implemented in the process of route discovery. When a RREQ message is flooded in the network, not every 
intermediate node, which receives the message, will broadcast it. The node will first be lower than a threshold 
value ș (Er  ș), the RREQ is dropped, and otherwise, the message is forwarded [7], [8]. If so, the RREQ 
message will be dropped, and the destination will be receive a route request message only when all 
intermediate nodes along the route have enough battery levels [9].The threshold value used as a criteria is 
dynamically changing under the interface queue occupancy of nodes around the backward path. The 
remainder of this paper is organized as follows: In the next section, we present the energy model used in 
network simulation version 2. Section 3, presents the idea of energy model with an example and an 
illstratition.Section.4, we present the proposed protocol LEA-AODV. Section 5, we present the simulation 
model and performance analysis. The conclusion is discussed in section 6. 
2. The Energy Model Used In Network Simulation-2 
The Network Simulation-2 extension includes an energy model that informs any node about its 
instantaneous energy level. To use this model, we must define three parameters 
1) The initial Energy (Initialenery). 
2) The transmission power(txPower). 
3) Reception power (rxPower).  
These two last values, Multiplied by the duration of transmission or reception of a packet, give 
respectively the quantity of energy necessary for the transmission or the reception of a packet. In our 
simulation, we have fixed these parameters to the following values: rxPower = 0.395 (Watt), txPower = 0.660 
(Watt), initialEnergy = 50 (Joule) , sleepPower 0.001, transitionPower 0.2, transitionTime 0.005  
   We have allocated to each node an initial energy of 50 joules which will be reduced as the node 
transmits or receives packets. If the energy level of a node reaches zero, it is seen a ‘dead’ node, i.e. it is no 
longer able to take part in communications [9]. It is evident that the nodes energy consumption is mainly due 
to the transmission and the reception of data or controlling packets (such as RRFQ, RREP, RFRR, HELLO). 
To measure this amount of energy consumed during the transmission process (noted txEnergy). We should 
multiply the transmission power (txPower) by the time needed to transmit a packet: txEnergy = txPower x 
(packetsize/bandwidth), and for a received packet: rxEnergy = rxPower x (packetsize/bandwidth) 
Here, we present an algorithm to calculate the threshold for each node:  
n
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poweravg
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                        (1) 
Where n is the number of nodes inside the current node region, n_poweri is the power level of each node. 
Note that before initiating an RREQ, the source will calculate its power level and fill it in n_poweri which is 
an additional field of RREQ:  
energyinitial
energycurrentlevelpower
_
__                          (2) 
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The node will be compare to its current battery level with the threshold (ș).When the node gets its ș. If ș is 
lower than power_level, it will respond to the RREQ as usual. Otherwise, it will simply drop it [3]. Before the 
RREQ is broadcasted again, the node’s power level will be added into the n_poweri field in RREQ. 
3. The Idea of The Energy Model With an Example And Illustration 
In order to illustrate the routing algorithm, we give an example to express my research work. That show 
in fig. 1˖ 
 
Fig.1: The idea of Energy model by Example and Illustrate 
In Fig.1.if source node is S and destination node is D; the procedure can be executed as follows: 
Step 1: First, the threshold (ș) = 0.4.we can calculate the average ratio of remaining energy of each link 
node, if S is connected by the direct edge A and E, in fig.1, SĺA is 0.3 and SĺE is 0.5, namely, the ș > 0.3, 
so the request path is passing E, bypassing A, because the RREQ is simply dropped of node A. 
Step 2: according to Step 1, the same solution to this step, node E have two routes EĺB and EĺF. The 
average ratio remain energy of two route is better than the ș. So in step 2 we have two routes EĺB and EĺF. 
Step 3: F, B are within the transmission range of E, but the transmission to both C and F from node B is 
less than the ș. so the RREQ is simply dropped of both routes BĺC and BĺF. and the average ratio remain 
energy of route EĺF is the best. 
Step 4: B, C, D are within the transmission range of F; we don’t consider the route FĺB, because ratio 
remains energy of route FĺB is less than ș, and range of F has two routes FĺC and FĺD. but the EREQ is 
received by the destination D. 
Step 5: according to the above step, the same solution to this step, C has direct edges in the graph, CĺD. 
Finally, there are two available routes from S to D; we should select a minimum consumed energy. 
Namely, we choose the best routing path for a request, that is SĺEĺFĺD, coincidentally, the hop 
count of SĺEĺFĺD and SĺEĺFĺCĺD are different. But both routes are more than ș. So we should 
select the minimum energy consumed that SĺEĺFĺD  
The above example explains the balance energy consumption among all participants here. In fig.1, node 
S is a source and D is a destination. When S wants to communicate with D, but without any available routing 
information, it will initiate a route discovery by flooding RREQ message. Any intermediate node receiving the 
RREQ will compare its battery power with its neighbor’s power before broadcasting it again [10]. If battery 
power is lower than the average neighbor’s power, the RREQ will be simply dropped, such as nodes SĺA, 
BĺC and BĺF. They do not broadcast the RREQ, so the established paths will avoid these nodes. Otherwise, 
the node will deal with RREQ most of the time, like nodes S, E, B and S, E, F. As we explained above about 
balance energy consumption, the threshold value plays an important goal to selecting nodes whether to 
forward RREQ or not [11]. Every time an intermediate node receives a RREQ, it will recalculate the threshold, 
according to the nodes’ queue occupancy around the current nodes [12]. Therefore, the threshold is variable 
and changing adaptively with the current load status of the network. All nodes except the source node (S) and 
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the destination node (D) calculate their region area of the nodes average power (ratio remain energy). 
4. Our Proposed Protocol LEA-AODV 
The MANETs suffer from energy constraint since a mobile station uses a limited capacity battery [1]. 
Therefore, the performance of such a network becomes closely related to its effectiveness in terms of energy 
conservation. The key to achieve these objectives resides in the development of optimized routing protocols. 
Indeed, the traditional routing is based on the intuitive goal choosing as the shortest ways [5]. The main 
objective is to balance energy consumption among all participating nodes. Each mobile node relies on local 
information about the remaining battery level to decide whether to participate in the selection process of a 
routing path or not. An energy-hungry node can conserve its battery power by not forwarding data packets on 
behalf of others. The decision distributed the LEA-AODV to all relevant nodes; to take this energy constraint 
into account, a simple mode based on local decisions can be adopted. Each node uses the local information 
about its own battery during the searching of a route to decide whether if to take part in the route selection 
process or not. Therefore, a node with exhausted battery is can preserve its remaining energy by refusing to 
relay packets that are not intended for it. It is a local approach, since the decision of a node is only established 
on its own state and does not require global information about the entire network, or about its neighbours. 
To end this, we suggest the LEA-AODV protocol establishment mechanism and we apply it to the AODV 
routing protocols. LEA-AODV is designed to increase the network survivability by maintaining the network 
connectivity, and to lead to a longer battery life of the terminals. This is in contrast to AODV, which does not 
consider power but optimizes routing for lowest delay. The LEA-AODV protocol ensures the survivability of 
the network by establishing routes that ensure all nodes equally exhaust their battery power. LEA-AODV is 
reactive protocols, identical to AODV, and is based on the AODV routing protocol. 
5. The Simulation Model And Performance Analysis 
 We have built several simulation scenarios with network simulation-2 to evaluate the LEA-AODV 
routing protocol. The following aspects of LEA-AODV are emphasized:  
1) Performance under different pause time and maximum speed. 
2) Modification with changes in the network topology. 
3) Performance under different Traffic Pattern Generation and different node-movements.  
 We have run AODV and LEA-AODV on the same simulated scenarios to compare the performance in 
terms of energy dissipation. The criterion of performance is the network lifetime, i.e. the time before the death 
of the first node in the network 
5.1. Simulation Model 
The simulation is conducted in two different scenarios. In the first scenario, the comparison of the two 
routing protocols is compared in various maximum speeds [10]. The maximum speed is set to 5, 10, 15, 20, 25, 
and 30 m/s.In the second simulation scenario, the routing protocols are evaluated in variety pause time while 
the number of nodes and the node speed are fixed. The node speed is set to 20m/s and the number of nodes is 
set to 10 nodes. The pause time are set to 0, 20, 120, 300, 600, and 900 second. 
Comparing to AODV and LEA-AODV protocols, we use NS2 to perform LEA-AODV protocol in this 
research. The NS2 was installed under Linux Ubuntu 11.10 as a simulation platform. At first the nodes are 
moving in a fixed speed and alternative pause time. after that  pause time is fixed at 20 second ,but the 
maximum speed is set respectively  as: 5m/s, 10m/s, 15m/s, 20m/s, 25m/s, 30m/s to carry on the simulation 
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separately. Though many simulation tools are available for wireless Ad-hoc networks, we have chosen 
Network Simualtor-2 in particular NS-2.35, as our tool to simulate the proposed protocol [9].We evaluated 
LEA_AODV Protocol on AODV routing protocols by comparing its performance with AODV protocol to 
obtain the minimum energy consumption and prolong the network’s lifetime. The generation of the scenarios 
was done using the setdest tool of ns-2.35. A square field of 500m×500m is taken where 10 nodes are 
randomly deployed, simulation time is 900s, and the maximum speeds for nodes is 20 m/s, with a total of 10 
nodes. The pause time is respectively: 0, 20,120,600,900 seconds .The traffic sources are CBR (Constant Bit 
Rate), 512-byte as data packets, and the sending rate is 4 pkts. The use of CBR is for the purpose of a fair 
comparison. But since the bit rates vary, data packet traffic load will become unpredictable, which is a 
situation we do not want to happen.  
Here I’ll especially denote to falsity my analysis work by putting Max Speed/Total Energy = MS/TE and 
Max Speed/Lifetime = MS/LT name it table I, Pause Time/Total Energy = PT/TE and Pause Time/Lifetime = 
PT/LT name it table II. 
TABLE I. MS/TE ~MS/LT                                             TABLEĊPT/TE~ PT/LT 
           
5.2. Performance analysis 
We present in this subsection the performance of the basic AODV and our LEA-AODV for the various 
metrics presented above. We determine residual energy of the source node, which is defined as the remaining 
energy of a node and considered as the metric to prove energy efficiency of our proposed protocol. We used 
this metric to show the impact of transmission power on energy reduction. Fig.2. to fig.5 shows the initial 
energy and total energy consumption of the two protocols, the situation of AODV and LEA-AODV protocols 
on total energy consumption and network lifetime.  
Based on fig.2, we have evaluated the performance analysis of routing algorithms by keeping the pause 
time constant (fixed) and changing the maximum speed according to energy consumption. Initial scenario has 
been setup for a small network of 10 nodes. As described in fig.2, the two protocols AODV and LEA-AODV 
become even more crucial when the speed of nodes is high. It is shown that LEA -AODV has slightly lower 
energy consumption than AODV. Because the protocol seems to find a suitable route, taking into 
consideration the energy consumption of each node, while also taking into consideration the energy 
consumption rate .And AODV is exhausting more energy when max speed is increased, especially when the 
max speed is between 25m/s and 30 m/s. 
Fig.3. Shows the situation of nodes in the different pause times, the LEA-AODV routing protocol exhibits 
less energy consumption than AODV routing protocol. This is principally due to the increase in pause time, as 
high as incorporating energy-saving strategy, thereby reducing the excessive energy consumption of the node. 
In contrast to, the previous fig.2, 3, and fig.4 show that the LEA-AODV protocol reflects the different 
maximum speed, and the network lifetime is longer than AODV. The lifetime of participating nodes in the 
network increases dramatically from 10 m/s to 30 m/s of the simulation maximum speed .While the residual 
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battery capacity of each node is a more precise metric to describe the network lifetime of each node in a 
network, it is also important to ensure that the total energy requirements of a selected path is minimized to try 
to avoid excessive energy consumption of nodes, and thereby increasing the network lifetime. 
             
Fig.2 The max speed and total energy consumption.     Fig.3 The pause time and total energy consumption.  
This simulation result show that network lifetime is better distributed with the LEA-AODV routing protocol as 
much as 700 values compared to the original AODV routing protocol.  
           
fig.4 The maximum speed and network life time.      Fig.5 The pause time and network life time 
The results from fig.3~5 show the performance. LEA-AODV routing protocol show better performance 
when the pause time is at 0~120m/sec. The point of view of network lifetime from different pause time shows 
the LEA-AODV routing protocol performance improvement is significantly increased compared to the AODV 
routing protocol. Particularly, the differences of network lifetime are clearly depicted in the pause time (0 
second to 120 second), however, the difference becomes hazy in form 300 ~ 900 second. So with other 
possible scenarios, rapid establishment of alternative routes and other aspects of performance comparison are 
also a possible direction in future research. 
6. Conclusions 
In this work, we have implemented an optimized routing protocol which modifies AODV routing protocol 
to improve its performance from an energy aspect. The approach is based on the reduction of the consumption 
of energy during the phase of route discovery and route maintenance. The route created between any pair of 
nodes consists only of nodes whose energy level is higher than the threshold. We propose simple and efficient 
algorithm to balance energy consumption among all participating nodes, else proposes energy efficient routing 
algorithms LEA-AODV that reduce energy consumption, and leads to a longer battery lifetime at the terminals. 
LEA-AODV is based on one of the most important AODV routing protocols. It is difficulty to take off the 
nodes which do not have the appropriate quantity of energy to be used in the routing process. The established 
routes will rely on the local decision of each node. For future work, we aim to integrate this local approach 
into other existing protocols we would like to adapt a dynamic threshold that can be adjusted according to the 
network conditions, and we have studied through a set of simulations the impact of certain parameters on the 
effectiveness of the optimized protocol LEA-AODV. The results we have obtained show that for most of the 
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simulated scenarios LEA -AODV performs better than the protocol AODV. In other words, the mechanisms 
added to AODV improve considerably its performances in term of energy consumption, especially with low 
mobility, however, for protocol LEA–AODV, It allows a node with overused battery to refuse to route the 
traffic of the other node source the paper, and put a nomenclature if necessary, in a box with the same font size 
as the rest of the paper. The paragraphs continue from here and are only separated by headings, subheadings, 
images and formulae. The section headings are arranged by numbers, bold and 10 pt. Here follows further 
instructions for authors. 
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